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(54)Title: POSITIVE RESIST COMPOSITION OF CHEMICAL AMPLIFICATION TYPE 
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(57) Abstract 

A positive resist composition of the chemical amplification type characterized by comprising: a resin which has units of 
hydroxystyrene, units of 3-hydroxy-l-adamantyl methacrylate, and units of a monomer having a group unstable to acids and which itself is 
insoluble or sparingly soluble in alkalis but becomes soluble in alkalis when the group unstable to acids is cleaved by the action of an acid; 
and an acid generator. This resist composition improves exposure latitude and resolution, while satisfactorily maintaining or retaining 
various properties such as sensitivity, heat resistance, film retention, applicability, and dry etching resistance. By using this composition, a 
fine resist pattern can be formed precisely. 
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(57) ABSTRACT 

A chemical amplification type positive resist composition 
comprising: a resin which has a hydroxystyrene-based poly- 
merization unit, a 3-hydroxy-l-adamantyl methacrylate- 
based polymerization unit and a polymerization unit having 
a group unstable toward an acid, and, though insoluble or 
hardly soluble in an alkali in itself, becomes alkali-soluble 
after the acid-unstable group has been cleaved by the action 
of an acid; and an acid generating agent is provided. This 
resist composition is improved in exposure latitude and 
resolution. Moreover, such properties as sensitivity, heat 
resistance, the ratio of residual thickness, coatability, and dry 
etching resistance are also maintained good. Thus, through 
the use of this composition, a fine resist pattern can be 
formed with high precision. 

8 Claims, No Drawings 
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CHEMICAL AMPLIFICATION TYPE 
POSITIVE RESIST COMPOSITION 

TECHNICAL FIELD 

The present invention relates to a resist composition 
suitable for lithography by the action of such high-energy 
rays as far ultraviolet rays (including excimer laser and 
others), electron beam, X-ray or other rays. 

BACKGROUND TECHNOLOGY 

With an increasing demand for higher integration of 
integrated circuits in recent years, formation of submicron 
patterns has been required. Particularly, since lithography 
with the use of krypton fluoride (KrF) excimer laser or argon 
fluoride (ArF) excimer laser makes the production of inte- 
grated circuits of 64 M DRAM to 1 G DRAM possible, the 
lithographic process is drawing attention. As a resist suitable 
for the above-mentioned excimer laser lithographic process, 
so-called a chemical amplification type resist utilizing an 
acid catalyst and the chemical amplification effect has been 
increasingly adopted. In the chemical amplification type 
resist, an acid generated from an acid generating agent at 
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found that the use of a bydroxystyrene/3-hydroxy-l- 
adamanty methacrylate copolymer as a resin component for 
the chemical amplification type positive resist provides 
excellent performance. The present invention was accom- 
plished based on this finding. 

Accordingly, the present invention provides a chemical 
amplification type positive resist composition containing: a 
resin which has a hydroxystyrene-based polymerization 
unit, a 3-hydroxy-l-adamantyl methacrylate-based polymer- 
ization unit, and a polymerization unit having a group 
unstable toward an acid, and, though insoluble or hardly 
soluble in an alkali in itself, becomes alkali-soluble after the 
acid-unstable group described above has been cleaved by the 
action of an acid; and an acid generating agent. 

Although the resin component which is a main constituent 
of the resist composition of the present invention is insoluble 
or hardly soluble in an alkali in itself; it is rendered alkali- 
soluble through a reaction by the action of an acid, and has 
a polymerization unit resulting from the opening of the 
double bond of the vinyl group of hydroxystyrene, and a 
polymerization unit which results from the opening of the 



— — *~ g^uwatw uum an acia genera ung agent at r wmta results irom tne opening of the 

areas irradiated with a ray is diffused in the following heat 25 doub l e bond of the vinyl group of 3-hydroxy-l-adamantyl 
treatment (post exposure bake: hereinafter snmeHm^ »hkrp. methacrvlate. as essential rnnctihiAntc Tk A » • 
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treatment (post exposure bake: hereinafter sometimes abbre 
viated as PEB) and a reaction catalyzed by this acid changes 
the solubility of the exposed areas in an alkaline developer, 
providing positive or negative patterns. 

For a positive resist of the chemical amplification type 
particularly a positive resist for KrF excimer laser 
lithography, a poly(hydroxystyrene) resin with part of its 
phenolic hydroxyl group protected by a group which under- 
goes cleavage by the action of an acid is employed, in many 
cases in combination with an acid generating agent. As the 
group which undergoes cleavage by the action of an acid, 
from the viewpoints of resolution, sensitivity, and others' 
those forming acetal-type bonds with oxygen atoms derived 
from phenolic hydroxyl groups, such as resins having a 
structure in which tetrahydro-2-pyranyl, tetrahydro-2-furyl, 40 
or 1-ethoxyethyl is bound to an oxygen atom, are arousing' 
interest. However, even the use of such resins has been faced 
with limitations in improvement in resolution. 

Moreover, in the formation of a pattern by 
photolithography, generally, variations in exposure dose are 
liable to lead to variations in the finished dimensions of the 
resulting resist pattern, indicating its small exposure latitude 
(also referred to as exposure margin). As described above, 
resist compositions conventionally known in the art have' 
limits in resolution, sensitivity, exposure capacity, and oth- 
ers. Furthermore, since the manufacture of integrated cir- 
cuits involves dry etching through a resist pattern formed by 
photolithography as a mask, the resist employed therefor is 
also required to have heat resistance and dry etching resis- 
tance. 



methacrylate, as essential constituents. These polymeriza- 
tion units can be represented by the following formulae (I) 
and (II), respectively. 
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In the polymerization unit formed from hydroxystyrene 
shown by the formula (I), the position of the hydroxyl group 
is not particularly restricted, but the polymerization unit is 
generally one that is formed from p-hydroxystyrene. 



DISCLOSURE OF INVENTION 

The object of the present invention is to provide a 
chemical amplification type positive resist composition 
excellent in such properties as sensitivity, resolution, heat 
resistance, the ratio of residual thickness, coatability, expo- 
sure latitude, dry etching resistance, and others, particularly 
one that is further improved in resolution and exposure 
latitude. 

The inventors of the present invention made intensive 
studies to achieve the above-mentioned object and have 
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Moreover, this resin is insoluble or hardly soluble in an 
alkali in itself. However, for becoming alkali-soluble 
through a chemical reaction by the action of an acid, it 
comprises a polymerization unit having a group unstable 
toward an acid. Usually, the group unstable toward an acid 
has been introduced to the resin so as to protect such an 
alkali-soluble group as hydroxyl group and carboxyl group. 
Concrete examples of such acid-unstable group for protect- 
ing an alkali-soluble group include tert-butyl, tert- 
butoxycarbonyl, an acetal-type group of the following for- 
mula (HI): 
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R 1 

-CH O R 2 



(HI) 



wherein, R 1 represents for an alkyl group having 1 to 4 
carbon atoms, R 2 represents an alkyl group having 1 to 6 
carbon atoms or a cycloalkyl group having 5 to 7 carbon 
atoms, or R 1 and R 2 together form a trimethylene or tet- 
ramethylene chain, and a 2-alkyI-2-adamantyl represented 
by the following formula (IV): 




(VI) 



(IV) 




wherein, R 3 represents an alkyl group having 1 to 4 carbon 
atoms. These groups each substitutes for the hydrogen atom 
of the hydroxyl or carboxyl group. 

Those suitable as the acetal-type group represented by the 
formula (III) include tetrahydro-2-furyl, tetrahydro-2- 
pyranyl, 1 -ethoxy ethyl, 1 -isop ro poxy ethyl 
1-isobutoxyethyl, 1 -etnoxypropyl, l-ethoxy-2 
methylpropyl, and 1-cyclohexyloxyethyl. Of these 
1-ethoxyethyl, 1-isobutoxyethyl, 1-isopropoxyethyl 

1 - ethoxypropyl, and others are preferred. Moreover, 
examples of suitable 2-alkyl-2-adamantyl groups repre- 
sented by the formula (IV) are 2-methyl-2-adamantyl and 

2- ethyl-2-adamantyl. 

Among the groups unstable toward an acid enumerated 
above, tert-butoxycarbonyl usually substitutes for hydroxyl 
group and a 2-alkyl-2-adamantyl group represented by the 
formula (IV) usually substitutes for carboxyl group. Other 
tert-butyl and acetal-type groups represented by the formula 
(III) can substitute for both hydroxyl group and carboxyl 
group. 

In the case of a resist for KrF exckner laser exposure, the 
group unstable toward an acid is generally such as to protect 
the hydroxyl group of a hydroxystyrene unit. A unit in which 
the acid-unstable group is bound to the hydroxyl group of a 
hydroxylstyrene unit can be represented by the following 
formula (V): 



10 

wherein, R 1 and R 2 have the same meanings as defined in the 
formula (III). A particularly preferred is the case where R 1 
in the formula (III) or (VI) is an alkyl group having 1 to 4 
carbon atoms and R 2 is an alkyl group having 1 to 6 carbon 
15 atoms or a cycloalkyl having 5 to 7 carbon atoms. 

The resin having a hydroxystyrene-based polymerization 
unit, a 3-hydroxy-l-adamantyl methacrylate-based polymer- 
ization unit, and such a polymerization unit having a group 
unstable toward an acid as was described above can be 
produced, for example, in the following manner. Firstly, in 
the case where tert-butyl serves as the acid-unstable group 
and substitutes for the hydroxyl group of hydroxystyrene, 
the resin can be produced by, after tert-butoxystyrene and 
3-hydroxy-l-adamantyl methacrylate have been copolymer- 
ized in a conventional manner, hydrolyzing the resulting 
25 copolymer to an appropriate degree thereby to convert part 
of the tert-butoxy group to hydroxyl group. Moreover, when 
the group unstable toward an acid is tert-butoxycarbonyl and 
substitutes for the hydroxyl group of hydroxystyrene, the 
resin can be produced by allowing the copolymer of 
hydroxystyrene and 3-hydroxy-l-adamantyl methacrylate to 
react with di-tert-butyl dicarbonate. 

Secondly, in the case where the group unstable toward an 
acid is an acetal-type group of the formula (III) and substi- 
tutes for the hydroxyl group of hydroxystyrene, the resin can 
be produced by allowing the copolymer of hydroxystyrene 
and 3-hydroxy-l-adamantyl methacrylate to react with an 
unsaturated ether compound represented by the following 
formula (Ilia): 
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C=CH O R 2 



(Ha) 




(V) 



In the formula, Q represents the acid-unstable group. 
Tert-butyl, tert-butoxycarbonyl, acetal-type groups repre- 
sented by the formula (III) shown above, and the like are 
mentioned as concrete examples of Q in this formula. 
Among these, the acetal-type groups represented by the 
above-shown formula (III) are preferred. Its preferred 
embodiment as a polymerization unit can be represented by 
the following formula 



45 wherein, R 2 has the same meaning as defined above; R 4 and 
R each independently represents hydrogen or an alkyl 
group with the proviso that the number of carbon atoms in 
total is from 0 to 3 or R 5 represents hydrogen; and R 2 and 
R 4 together form a trimethylene or tetramethylene chain. 
50 On the other hand, in the case where the group which is 
unstable toward an acid is tert-butyl, an acetal type group 
represented by the formula (III), or a 2-alkyl-2-adamantyl 
group represented by the formula (IV) and substitutes for 
carboxyl group, usually, the resin can be produced by 
55 copolymerizing an unsaturated compound constituting a 
carboxylate with any of these groups, with hydroxystyrene 
and 3-hydroxy-l-adamantyl methacrylate. As the unsatur- 
ated compound constituting a carboxylate with a group 
unstable toward an acid, there are exemplified unsaturated 
60 aliphatic carboxylates such as acrylates and methacrylates 
and unsaturated alicyclic carboxylates such as norbornene 
carboxylate, tricyclodecene carboxylate, and tetracyclo- 
decene carboxylate. 

Copolymerization of hydroxystyrene or tert- 
65 butoxystyrene with 3-hydroxy-l-adamantyl methacrylate, 
and, if required, a monomer having a group unstable toward 
an acid and/or other monomers can be effected in accordance 
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with a conventional manner. For example, a method com- (Ilia), a protective group may be introduced not only to the 
prising dissolving monomers as starting materials in an bydroxyl group of the bydroxystyrene unit but also to the 
appropriate solvent, adding a polymerization initiator hydroxyl group of the 3-faydroxy-l-admantyl methacrylate 
thereto to cause a polymerization reaction, and keeping the unit. In the case of the presence of such a unit in which the 

reaction proceeding while heating or removing heat there- s hydroxyl group of 3-bydroxy-l-adamantyl methacrylate is 
from can be adopted. As the reaction solvent, there can be protected by a group unstable toward an acid, considerin E it 
employed an alcohol such as methanol, ethanol, 2-propanol, to be categorized as a polymerization unit havine an 
and tert-butanol, an aromatic hydrocarbon such as benzene, unstable group is rational. 

toluene, and xylene, or an ether such as tetrahydrofuran and Next, ihe acid generating agent which is the other con- 

1,4-dioxane. Moreover, as the polymerization initiator, there 10 stituent of the positive resist composition generates an acid 
can be used an azo compound such as 2,2'.azobis upon decomposition caused by allowing a ray exemplified 
(isobutylonitrile) and dimethyl2,2*-azobis(2- by light or electron beam to act on the substance itself or a 
methylpropionate), a peroxide such as benzoyl peroxide and resist composition containing this substance The acid gen- 
tert-butyl [ peroxide, a redox catalyst such as hydrogen erated from the acid generating agent acts on the above- 
peroxide/ferrous salt and benzoyl peroxide/dimethylaniline, is described resin, resulting in the cleavage of the acid-unstable 
or a metal alkyl compound such as butyllitbium and triethy- group existing in this resin. Examples of such acid gener- 
umioium. _ , ating agent include onium salt compounds, s-triazine type 

In the case where tert-butoxystyrene is employed as a organic halogen compounds, sulfonic compounds, and sul- 
starting .material monomer, the copolymer is dissolved in a fonates. To be concrete, the following compounds are exem- 
hydrophilic solvent and heated under acidic conditions, 20 plified as the acid generating agent 

whereby the tert-butoxy group contained therein is hydro- Diphenyliodonium trifluoromethanesulfonate 

lyzed to be converted to a hydroxyl group and the copolymer 4-methoxyphenylphenyliodonium hexafiuoroantimonate' 

becomes a hydroxystyrene/3-hydroxy-l-adamantyl meth- 4-methoxypheny Ipheny iiodonium 

acrylate copolymer. Moreover, when introducing a group trifluoromethanesulfonate, bis(4-tert-butylpheny0iodonium 

which is unstable toward an acid to the hydroxystyrene/3- 25 tetrafluoroborate, bis(4-tert-butylphenyl)iodoniu m 

nydroxy-l-adamantyl methacrylate copolymer, following hexafluorophosphate, bis(4-tert-butyIphenyl)iodonium 

such a procedure as to accord to an ordinary protective hexafiuoroantimonate, bis(4-tert-butylphenyl)iodonium 

group-introducing reaction will be sufficient. For example, trifluromethanesulfonate, triphenylsulfonium 

m the case where an acetal-type group expressed by the hexafluorophosphate, triphenylsulfonium 

formula (III) shown above is introduced, part of the 30 hexafiuoroantimonate, triphenylsulfonium 

hydroxyl group m the copolymer can be converted to an trifluromethanesulfonate, 

acetal-type group represented by the formula (III) by dis- 4-methy Ip henyldiphenyls'ulfonium 

solving the copolymer as a starting material in a solvent and perfluorobutanesulfonate, 

allowing it to react with an unsaturated ether compound 4-methy Iphenyldiphenylsulfonium 

represented by the formula (Ilia) in the presence of an acidic 35 perfluorooctanesulfonate, 

catalyst. As the acidic catalyst employed in this reaction, 4-methoxyphenyldiphenylsulfonium hexafiuoroantimonate 

inorganic acids such as hydrochloric acid and sulfuric acid 4 -me tho xypheny Idiphen y lsu I f o nium 

and organic acids such as p-toluenesulfonic acid and cam- trifluoromethanesulfonate, p-tolyldiphenylsulfonium 

phorsulfonic acid are available. trifluoromethanesulfonate, 2 4 6- 

As to the resin component which constitutes the positive 40 trimethylphenyldiphenylsulfonium 

resin composition of the present invention, hydroxystyrene- trifluoromethanesulfonate, 4-tert- 

based polymerization unit, 3-hydroxy-l-adamantyl butylphenyldiphenylsulfonium trifluoromethanesulfonate 

methacrylate-based polymerization unit, and polymerization 4-phenylthiophenyldiphenylsulfonium 

unit having a group unstable toward an acid as were hexafluorophosphate, 

described above are essential. Further, it may contain other 45 4-pheny Ithiophenyldiphen ylsulf onium 

polymerization units, such as styrene, acrylonitrile, methyl hexafiuoroantimonate, l-(2-naphthoylmethyl)thioIanmrri 

methacrylate, and methyl acrylate. Further, for improving hexafiuoroantimonate, l-(2-naphthoylmethyl)thiolanium 

the transparency, it may be partially hydrogenated, or an trifluoromethanesulfonate, 4-hydroxy-l- 

alkyl group, an alkoxy group, or the like may be introduced naphthyldimethylsulfonium hexafiuoroantimonate 

to the phenol nng with the proviso the resin composition 50 4-hydroxy- 1 -naphthyldimethylsulfonium 

remains alkali-soluble. However, that the hydroxystyrene- trifluoromethanesulfonate, 2-methyl-4 6-bis 

based polymerization units and 3-hydroxy-l-adamantyl (trichloromethyl)-l^^-triazine, 2,4,6-tris(trichloromethylV 

methacrylate polymerization units account for, in total, 50 1,3,5-triazine, 2-phenyl-4,6-bis(trichloro methyl) -1 3 5- 

mol % or more of the all polymerization units of the resin triazine, 2-(4-chlorophenyl)-4,6-bis(trichloromethy0-l^l5- 

will be advantageous. The ratio of these polymerization 55 triazine, 2-(4-methoxyphenyl)-4,6-bis(trichloromethyI)-13 

units is, in terms of the molar ratio of hydroxystyrene unit: 5-triazine, 2-(4-methoxy-l-naphtbyl)-4 6-bis 

3-hydroxy-l-adamantyl methacrylate unit, usually in the (trichloromemyl)-l,3,5-triazine, 2-(benzo[dIl,3]dioxolan- 

range of from 99:1 to 80:20, preferably in the range of from 5-yl)-4,6-bis(trichlorometbyl)-l,3,5-triazine, 2-(4- 

95:5 to 85:15. Moreover, the polymerization units having a methoxystyryl)-4,6-bis(trichloromethyl)-l,3,5-triazine 

group unstable toward to an acid usually account for 50 mol 60 2-(3,4,5-trimethoxystyryl)-4,6-bis(trichloromethyl)-l,34- 

% or less of all the polymerization units of the resin, triazine, 2-(3,4-dimethoxystyryl)-4,6-bis(trichloromethyl)- 

preferably not less than 10 mol % nor more than 45 mol %. 1 ,3,5-triazine, 2-(2,4-dimethoxystyryl)-4,6-bis 

Incidentally, in the case where the hydroxystyrene/3- (trichloromethyl)- 1,3,5-triazine, 2-(2-methoxystyryl)-4,6- 

hydroxy-l-adamantyl methacrylate copolymer is reacted bis(tricMoromemyl)- 1,3,5-triazine, 2-{4-butoxystyryl)-4 6- 

with a compound which is for introducing an acid-unstable 65 bis(trichloromethyl)-l^^-triazine, 2-(4-pentyloxystyryl)'-4 

group, such as di-tert-butyl dicarbonate or an unsaturated 6-bis(trichloromethyl)-l,3,5-triazine, 1-benzoyl-l- 

ether compound represented by the above-shown formula phenylmethyl p-toluenesulfonate (what is called 
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benzointosylate), 2-benzoyl-2-hydroxy-2-phenylethyl 
p-toluenesulfonate (what is called 
a-methylolbenzointosylatc), 1,2,3-benzenetoluyl 
trismethanesulfonate, 2,6-dinitrobcDzyl p-tolucnesulfonatc, 
2-nitrobenzyl p-toluenesulfonate, 4-nitrobenzyl 
p-toluenesulfonate, diphcnyl disulfone, di-p-tolyl disulfonc, 
bis(phenylsulfonyl)diazo me thane, bis(4- 
chlorophenylsulfonyl)diazomethane, bis(p-tolylsulfonyl) 
diazom ethane, bis(4-tert-butylphenylsulfonyl) 
diazomethane, bis(2,4-xyIylsulfonyl)diazomethane, bis 
(cyclohexylsulfonyl)diazomethane, (benzoyl) 
(phenylsulfonyl)diazometbane, N-(phenylsulfonyloxy) 
succinimide, N^trifluoromemylsulfonyloxy)siiccinimide, 
N-(trifluoromethylsulfonyloxy)phthalimide, 
N-(trifluoromethylsulfonyloxy)-5-norbornene-2,3- 
dicarboxy imide, N-(trifluoromethylsulfonyloxy) 
naphthalimide, and N-(lO-camphorsulfonyloxy) 
naphthalimide. 

Moreover, generally in the chemical amplification type 
positive resist, it has been known that the addition of an 
organic basic compound as a quencher improves the degree 
of deterioration in performance due to the deactivation 
resulting from standing after exposure to light. It is preferred 
that, also in the present invention, an organic basic 
compound, particularly a nitrogen-containing basic organic 
compound is blended thereinto as a quencher. Concrete 
examples of such nitrogen-containing basic organic com- 
pound include amines represented by the following respec- 
tive formulae. 
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wherein, R 11 , R 12 , R 13 , R 14 , and R 15 each independently 
represents hydrogen, or an alkyl, cycloalkyl, aryl or alkoxy 
group which may be substituted by a hydroxyl group, and A 
represents an alkylene, carbonyl, or imino group. In the 65 
formulae, the alkyl and alkoxy groups represented by R 11 to 
R 15 each may have about 1 to 6 carbon atoms, and the 



cycloalkyl group may have about 5 to 10 carbon atoms, and 
the aryl group may have about 6 to 10 carbon atoms. 
Moreover, the alkylene group denoted by A may have about 
1 to 6 carbon atoms and may be a straight or branched chain. 
Furthermore, the hindered amine compound having a hin- 
dered piperidine skeleton, disclosed in Japanese Patent 
Application No. 9-208864 which is the application previ- 
ously filed by the applicants of the present invention, also 
can serve as the quencher. 

The resist composition of the present invention is pre- 
ferred to contain, based on the total solid content, 80 to 
99.8% by weight of the resin component and 0.1 to 20% by 
weight of the acid generating agent. In the case where a 
nitrogen -containing basic organic compound is incorporated 
therein as a quencher, it is preferably used in an amount of, 
based on the total solid content in the resin composition, 
10% by weight or less. This composition may contain, if 
necessary, a variety of additives such as sensitizers, disso- 
lution inhibitors, other resins, surfactants, stabilizers, and 
dyes in small amounts. 

This resist composition is usually in the form of a resist 
solution in which the above-mentioned components are 
dissolved in a solvent, and coated on a substrate such as a 
silicone wafer by a conventional manner such as spin 
coating. The solvent to be employed need only be capable of 
dissolving each component, have an appropriate drying rate, 
and be able to provide a uniform and smooth coat after it has 
been evaporated off. Such a solvent as is commonly 
employed in the art can be used. For example, there are 
mentioned glycol ether esters such as ethyl cellosolve 
35 acetate, methyl cellosolve acetate, and propylene glycol 
monomethyl ether acetate, esters such as ethyl lactate, butyl 
acetate, amyl acetate, and ethyl pyruvate, ketones such as 
acetone, methyl isobutyl ketone, 2-heptanone, and 
cyclohexanone, cyclic esters such as ybutyrolactone, and 
alcohols such as 3-methoxy-l-bulanol. These solvents can 
be used either singly or as a combination of two or more. 

The resist film coated and dried on the substrate is 
exposed to light for patterning. Thereafter, after heat treat- 
ment (PEB) for accelerating a protective group-eliminating 
reaction has been conducted, it is developed with an alkaline 
developer. Although the alkaline developer employed here 
can be any of a variety of alkaline aqueous solutions that are 
used in the art, generally, an aqueous solution of teiramethyl 
ammonium hydroxide or (2-hydroxyethyl)trimethyl ammo- 
nium hydroxide (so-called choline) is in many cases 
employed. 



55 EXAMPLES 

Hereinafter, the present invention will be described more 
concretely with reference to examples, but these should by 
no means be construed as denning the scope of the present 
invention. In the examples, and the term "part(s)" used 
to express the content or the amount of substance used are 
based on weight unless stated otherwise. Moreover, the 
weight average molecular weight (Mw) and the degree of 
polydispersity (Mw/Mn) are values measured by gel perme- 
ation chromatography with polystyrene as a standard mate- 
rial. 
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Production of a Partially 1-ethoxyethylated 
hydroxystyrene/3-hydroxy- 1 -adamantyl 
Methacrylate Copolymer 
(1) Production of tert-butoxystyrene/3-hydroxy-l- 
adamantyl methacrylate copolymer 

120 g (0.68 mol) of 4-tert-butoxystyrene, 16.74 g (0.08 
mol) of 3-hydroxy-l-adamantyl methacrylate, and 273.49 g 
of 2-propanol were charged to a 500 ml four-neck flask and 
heated up to 75° C. in an atmosphere of nitrogen. Separately, 
a solution in which 10.45 g of dimethyl 2,2'-azobis(2- 
methylpropionate) was dissolved in 27.35 g of 2-propanol, 
was prepared and added to the above-described monomer 
solution kept at 75° C. dropwise over 30 minutes. The 
resulting mixture was kept stirred for 23 hours, further 
heated, and refluxed for 8 hours. After cooled down to room 
temperatures, the reaction mixture was added to a mixture 
constituted of 2,688.2 g of methanol and 1,344.1 g of ion 
exchange water while stirring the latter. The reaction mix- 
ture was kept stirred for 3 hours and then filtrated to provide 
a white solid. The solid was dried under reduced pressure to 
give 134.6 g of the copolymer of 4-tert-butoxystyrene and 
3-hydroxy-l-adamantyl methacrylate. 
(2) Production of hydroxystyrene/3 -hydroxy- 1 -adamantyl 
methacrylate copolymer 

120 g of the copolymer of 4-tert-butoxystyrene and 

3- hydroxy-l-adamantyl methacrylate obtained in (1) 
described above and 360 g of 2-propanol were charged to a 
1 liter four-neck flask, dissolved, and heated up to 75° C. To 
the solution was added a mixed solution of 20.77 g of 36% 
hydrochloric acid and 20.77 g of 2-propanol dropwise. 
Thereafter, the resulting solution was refluxed at the same 
temperature over 3 hours for hydrolysis and then cooled 
down to room temperatures. This reaction product was 
added to a mixed solution of 120 g of acetone and 1,200 g 
of ion exchange water, and a solid precipitated therefrom 
was collected by filtration. The solid was dissolved in 300 g 
of acetone, and the resulting solution was added to 3,600 g 
of ion exchange water. A solid thus precipitated was col- 
lected by filtration. The sequence of operations from the 
dissolution in acetone to the collection of precipitated solid 
through addition into ion exchange water was repeated two 
times in total. By drying the solid thus obtained under 
reduced pressure, 86.7 g of the copolymer of 

4- hydroxystyrene and 3-hydroxy-l-adamantyl methacrylate 
was obtained, in which the tert-butoxy group in the former 
copolymer had been converted to a hydroxyl group through 
hydrolysis. The weight average molecular weight of this 
copolymer is 9,800 and its degree of polydispersity was 
2.19. Moreover, examination by 13 C-NMR revealed that the 
molar ratio of the 4-hydroxystyrene polymerization unit to 
the 3-hydroxy-l-adamantyl methacrylate polymerization 
unit was 90.1:9.9. 

(3) Partial 1-cthoxyethylation of hydroxystyrene/3-hydroxy- 
1-adamantyl methacrylate copolymer 

35 g of the copolymer of 4-hydroxystyrene and 
3-hydroxy-l-admantyl methacrylate obtained in (2) above 
(constituted of 0.24 mol of 4-hydroxystyrene unit and 0.03 
mol of 3-hydroxy-l-adamantyl-methacrylate unit) and 720 g 
of propylene glycol monomethyl ether acetate were charged 60 
to a 1 liter eggplant-shape flask and dissolved. For azeotro- 
pic dehydration, the resulting solution was distilled under 
reduced pressure under conditions of a temperature of 60° C. 
and a pressure of not higher than 10 Torr until its quantity 
after distillation became 249.03 g. Secondly, this solution 
was transferred to a 500 ml four-neck flask which had been 
nitrogen gas-exchanged. After 4 mg (0.02 mmol) of 
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p-toluenesulfonic monohydrate had been added thereto, 8.18 
g (0.11 mol) of ethyl vinyl ether was added dropwise', and 
the resulting mixture was reacted at 25° C. for 3 hours. 60 
ml of ion exchange water was added to this reaction solution 
and stirred. After allowed to stand still, its organic layer part 
was taken out. Further, after the sequence of stirring fol- 
lowing the addition of 60 ml of ion exchange water and 
liquid separation had been repeated five times, the organic 
layer was distilled under reduced pressure and subjected to 
azeotropy with propylene glycol monomethyl ether acetate 
for dehydration. The solid concentration of the resin solution 
thus obtained was 29.7%. Moreover, having analyzed the 
resin by 1 H-NMR, a clear peak corresponding to 
1-ethoxyethoxy group was observed, and the proportion of 
the number of 1-ethoxyethoxy groups relative to the number 
of benzene rings was 40.8%. Accordingly, this resin is one 
in which the hydroxyl group of the copolymer of 
4-hydroxystyrene and 3-hydroxy-l-adamantyl methacrylate 
has been partially 1-ethoxyethyl etherified. This resin will be 
referred to as Resin A 

SYNTHESIS EXAMPLE 2 

Production of Another Partially 1-ethoxyethylated 
hydroxystyrene/3-hydroxy-l-adamantyl 
Methacrylate Copolymer 

Except that the quantity of the solution constituted of 
propylene glycol monomethyl ether acetate and the copoly- 
mer of 4-hydroxystyrene and 3-hydroxy-l-adamantyl meth- 
acrylate dissolved therein after distillation under reduced 
pressure was adjusted so as to be 178.63 g, and that the 
amount of charge of ethyl vinyl ether was 4.27 g (0.06 mol), 
the procedure of (3) of Synthesis Example 1 was repeated. 
The solid concentration of the resin solution thus obtained 
was 21.5%, and the analysis of this resin by J H-NMR 
revealed that the percentage of the number of 
1-ethoxyethoxy groups relative to the number of benzene 
rings was 15.0%. This resin will be referred to as Resin B. 

SYNTHESIS EXAMPLE 3 

Production of Partially 1-ethoxyethylated 
Polyhydroxystyrene 

40 g (333 mmol on p-hydroxystyrene unit basis) poly(p- 
hydroxystyrene) (tradename "VP- 15000") manufactured by 
Nippon Soda Co., Ltd. and 47 mg (0.25 mmol) of 
p-toluenesulfonic monohydrate were charged to a 1 liter 
eggplant-shape flask and dissolved in 720 g of propylene 
glycol monomethyl ether acetate. This solution was distilled 
under reduced pressure under conditions of a temperature of 
60° C. and a pressure of not higher than 10 Torr for 
azeotropic dehydration. The quantity of the solution after 
distillation was 337 g. This solution was transferred to a 500 
ml four-neck flask which had been nitrogen gas-exchanged. 
12.0 g (166 mmol) of ethyl vinyl ether was added thereto 
dropwise, and the resulting solution was reacted at 25° C. for 
5 hours. To this reaction solution were added 62.3 g of 
propylene glycol monomethyl ether acetate and 320 g of 
methyl isobutyl ketone, and 240 ml of ion exchange water 
was further added and stirred. Thereafter, the resulting 
solution was allowed to stand still and its organic layer part 
was taken out. 240 ml of ion exchange water was added to 
this organic layer again. The reaction solution was left to 
stand still after stirring and then washed through liquid 
separation. After the washing and separation with ion 
exchange water had been carried out one more time, the 
organic layer separated from the solution was subjected to 
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distillation under reduced pressure, whereby water and 

methyl isobutyl ketone were removed therefrom through TABLE 1 

azeotropy with propylene glycol monometbyl ether acetate, 
providing a propylene glycol monomethyl ether acetate 
solution. The liquid thus obtained is a solution of a resin in 5 
which the hydroxyl group of poly(p-bydroxystyrene) has 
been partially 1-ethoxyethyl etherified. Analysis of this resin 
by J H-NMR revealed that 40% of the hydroxyl groups have 
been 1-ethoxyethyl etherified. This resin will be referred to 
as Resin C. io 
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In Example 1, Resin A was used. A mixed resin of Resin Adding to the present invention, aresist composition 
a «nH R«;n n ;« * „f ,T. °\ 15 produced using a poly(hydroxystyrene/3-hydroxy-l- 

? *, / W ? ' a V°^ f ' ° n a . 5011(1 DaSlS ' 1:1 was adamantyl meth aery lite) resin is improved m exposure 

employed m Example 2 In Comparative Example C, Resin latitude and resolution' Moreover, such , propSSS £ 

C was used. Each of these resins was mixed with an acid sensitivity, heat resistance, the ratio of residual thickness, 

generating agent, a quencher, and a solvent according to the coatability, and dry etching resistance are also maintained* 

blending recipe shown below and dissolved. Further, the 2 o Thus, through the use of this composition, a fine resist 

resulting mixture was filtrated with a filter made of fluo- pattern can be formed with high precision, 

roresin having a pore size of 0.2 /mi to prepare a resist What ^ c * aimcd is: 

solution. A chemical amplification type positive resist composi- 
tion comprising: a resin which has a hydroxystyrene-based 

Resin (solid content) 10 parts ^polymerization unit, a 3-hydroxy-l-adamantyl 

Acid generating agent: bis(cyclohexylsulfonyl) methacrylate-based polymerization unit and a polymeriza- 

diazomethane 0.4 part 11011 umt havin g a group unstable toward an acid, and, 

["DAM-301" manufactured by Midori Kagaku Co ?° Ugh inso 1 lu |? le ^ hardly soluble in an alkali in itself, 

Ltd.] becomes alkali-soluble after the acid-unstable group has 

~ . " . lt , . been cleaved by the action of an acid; and an acid cencratine 

Quencher: dicyclohexylmethylamine 0.015 part 30 agent. lugcncramig 

Solvent: propylene glycol monomethyl ether acetate 50 2. The composition according to claim 1, wherein the 

Parts polymerization unit having a group unstable toward an acid 

The quantity of the solvent includes the brought-in por- k represented by the formula (V): 
tion from the resin solution. 

Each of the resist solutions prepared above was applied (V) 

onto a silicone wafer treated with hexamethyldisilazane _ — 
(HMDS) by spin coating and then prebaked on a direct hot 
plate at a temperature of 90° C. for 60 seconds to form a 

resist film having a thickness of 0.72 /mi. Using a KrF 40 
excimer stepper ["NSR 2205EX12B" NA-0.55 manufac- 
tured by Nikon Corp.], the wafers thus provided with a resist 
film were exposed to light through masks varied in shape 

development was conducted using a 238% tetranS JJJS^ a c,um . where '° th , e 

am.oni.nhyd^deaaueousso^on.T.edeve.opedpal E%J£^£Tt££^^ 

terns were observed using a scanning electron microscope to mn. y & P P py ine Iormula 

examine their sensitivity, exposure latitude, and resolution 

each in such a manner as described below. The results are so 

shown in Table 1. Rj (TO 

Film penetration sensiuvity: Expressed in terms of mini- | 

mum exposure dose required to penetrate an open field CH — ° — r2 

region of 1 square mm and designated by Eth. 

Effective sensitivity: Expressed in terms of minimum 55 wherein R 2 represents an alkyl group having 1 to 4 carbon 

exposure dose required to provide a 0.25 /mi line-and-space atoms, R 2 represents an alkyl group having 1 to 6 carbon 

pattern of 1:1 and designated by Eo. atoms or a cycloalkyl group having 5 to 7 carbon atoms, or 

Exposure latitude: Expressed by the value Eo/Eth. The R* and R 2 together form a trimethylene or tetramethylene 

larger the value is, the broader the range between an expo- chain. 

sure dose with which a resist is penetrated and the standard 60 4. The composition according to claim 3, wherein the 

exposure dose becomes, inhibiting from resolution failure of group Q which is unstable toward an acid is represented by 

a resist Even if the exposure dose is varied somewhat the formula (III), wherein R 1 is an alkyl group having 1 to 

widely, the size of patterns will be practically constant, 4 carbon atoms, and R 2 is an alkyl group having 1 to 6 

mdicaung its excellent exposure latitude. carbon atoms or a cycloalkyl group having 5 to 7 carbon 

Resolution: Expressed in terms of the minimum dimen- 65 atoms, 

sion of a pattern of lines and spaces resolved with an 5. The composition according to any of the claims 1 to 4, 

exposure dose of effective sensitivity. wher ein the hydroxystyrene-based polymerization units and 
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the 3-bydroxy-l-adamantyl methacrylate-based polymeriza- 
tion units account for, in total, 50 mol % or more of the 
whole resin. 

6. The composition according to any of the claims 1 to 5, 
wherein the hydroxystyrene-based polymerization units and 
the 3-bydroxy-l-adamantyl mathacrylate-based polymeriza- 
tion units are present in a molar ratio within the range of 
from 99:1 to 80:20. 
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7. The composition according to any of the claims 1 to 6 
which comprises, based on the total solid content in the' 
composition, 80 to 99.8% by weight of the resin and 0.1 to 
20% by weight of the acid generating agent. 
5 8. The composition according to any of the claims 1 to 7, 
which further comprises anitrogen-containing basic organic 
compound as a quencher. 

+ * ♦ * * 



Searching PAJ 1/2 ^ — v 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 2000-227658 
(43)Date of publication of application : 15.08.2000 



(51)IntCI. 


G03F 7/039 






H01L 21/027 




(21 Application number : 11-028895 


(71)Applicant 


: SUMITOMO CHEM CO LTD 


(22)Date of filing : 05.02.1 999 


(72)Inventor : 


KAMIYA YASUNORI 






KAMABUCHI AKIRA 



(54) CHEMICALLY SENSmZED POSITIVE RESIST COMPOSITION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the chemically 
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resolution and exposure latitude. 

SOLUTION: This resist composition comprises a resin 
having polymerization units derived from a 
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above polymerization units derived from a monomer 
having a group instable to acids is represented by 
formula V in which Q is the acid-instable group, such as 
1-alkoxyalkoxyl group. 
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K>s R* IkXfR* tiSWcSfcfttc, 7km^V<li7>\s* « 
lV*»?t>\ M#<D^W-^^t±0~3-e^57b\ Xti 
R 5 tfTkiTe&D, R 2 kR* tf— ^WoTh'J^f- 

So 

[0 0 2 7] -7$k KfC^gjgft&ftV tert-^/k 
j£(III) ?f>Sn57t?-;H<Dl, 5£ (IV) "?tk£ 
n^2-7;l/^;l/-2-T^'W^;l/^:ir-efeoT, * 

n^*;u#^2/;i/»»cB»-rs#&», Jim, cne,© 

8T#;l/#>$xx^/l'£jg$LT^3^f&fa{k^ so 
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k Kn4^>X^U:x&t;;**4Mj;l/&3-fc Hp* 

^Jgfig-rs^F^Pft^Rjf: LT(i. 7 ? U^Sxxr;!' 
SlXf^K yyl^l/^A/l/jtfV&xX-r/k M>~> 

x-r;l/&ira«gtfe>tt-5o 

[0 0 2 8] fcKa*^X^U>Xt±tert-:7>*$'X 

/k *&U:*0^p.»c, ^tc^S^S^o^yT- 
fi£t>Tfr Set &M$£jg&4>K:il» 

/K 2-yn/V— /k tert-T^y— /I/O*? fcTVl/ 
^>-tf^ (-*xx *->W-^<D«J:-5*^# 
SLKfbtfcf&Bt. fh7tFn77X 1. 4-^^-9- 

&JtLTtt, 2. 2' -TVtfx WvrfnibU 
/W > ^f-;i/2, 2' -TVifx (2-*?-;KA3fc? 

^{ttert-y^/l/CDJ; ? ftJHMMfev 311Mb**/*- 
Ky*XJRHttftM» 7^k)?-7A, h'Jif;l/7;I/$ 
[0 0 2 9] HJfSMeV?— iCtert-TT^fX^V* 

S^PTk^LTTK^atc^, fc: Kn^x^l^/ 

y**y;i/&3-t HD*i/- 1 -r^T^^i/^ott 

n-&te£-r&CttfT*%% 0 fife, tFa+^X^-l^ 
/^^i";;VK3-tKn*->- i -7?-?>=f-)\,?kPi 

5£(III) •p7B^nST-fe^-;l/^tDS«r#A-rs*|-& 

•e, BttB^ai^-PTK^ns^iaffix-^^wb^i^K 

JS^-arS c 1: tc «>; 0 , (D7kmm<D-^ZMm 
^(III) T-^?nST-fe^-;l/3S<DStc^^5Cf:^t? 

KO<fe^*«lttliBSx p-h;l/x>x;l/^>-KB:t;*> 

[0030] Xftwcotfismisisx vmfma*mm-z> 
om&mtiL. p< ^ jvm 3 - 1 kd^>- 1 -r^v 
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1#P2 0 0 0-2 2 7 6 5 8 
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*At<Dm&&m*&ttT>, mm^W(ovt>s o^;i/%^ 

1-80:2 0<0®5H. $?*L<te9 5 : 5 — 8 5 : 1 

[003 1] £r*5, bKu^Xfl/V^^^'J;^ 
3 - b Kp^^>- 1 -7^7>f ;l/(0«i^Wc, »^ 

g£££>fc:. ^ ^ ^ 'J ;l/83 - l: Kd+ 5/- 1 -7?7 
[0 0 3 2] ^IC. tfS^l^X hM»!>9-00 

*Aig<t^5, s-hy/^ottSApy^ 
#*• 

[0 0 3 3] ^7xz;I/3-F-*)A h'J7;V*n^ 

K-^A ^if^/V^az^^— K 4-*h 40 
*^7x-;l/7x-;l/3- F^^A h U ^;l/^-n^^ 
VXJl/**— K ex (4-tert-7^;K7x-;l/) 3 
— K-*A fh77Wa^l/-K ex (4 -tert 
-7f;b7x-;W 3— F-»>A ^\*"9-7;l/*n*x 

:7x~K ex (4-tert-^;l/^x^;l/) 3- K- 
£A ^7;l/tP7>m-F^ IfX (4 -tert 
-T^/l^x :=.;!/) 3— F-£A hV7}l*u*$> 
X/l/**-K 

[0 0 3 4] hU7x-;l/x;^-»)i. 
o*x:7x-K FU7x-;l/X;^-«)i, ^+-9*^ so 



•J7MP^^^;l/t4-F, 4 -^^;l/^x 
7x-;l/X;^-')A 7;l/*a^>x;l/^^— 
K 4 - ^f ;b7x-;^7x-;l/X;Wo^A 
7)\s*u*t*yz/X)\,&*-Y^ 4-^K^>7x- 
/l/^x-^X/l/^-^i. / \+*7;Wn7>W* 
— K 4 h4 : ^7i^7x^7W-')A 
Fij7;l/*o^^>x;l/^-F > p-F'J/l/^7x- 
/l/X/l/*-^ A h y ;7;l/*o;rf *>x;i/**-- K 
2, 4. 6 - h'J^f;I/7x-;l/^7x-;l/XW>-») 
A hy ^;l/^-a^^>X;l/4-^— 4 -tert- ^ 
;l/7x-;V^7x-;VW>- 1 )A f»J7Mp>«^ 
>X/i/**— K 4-7x-;W7x-;l/i;7x-;l/ 
X;l/*— »>A ^1t^;l/^-n^X7x— 4-^x 
— frtt? x x/bv^ x — ;VX;l/*— A 'vHf?;!/ 

;*vx*A Mit7;l/tP7>m-h, l- 
(2— ^-^x^A F'J7;l/^p 
**>x;i/**-K 4-tFP+e/-i-t7f;^ 
^^;l/X;l/^-^A ^7;l/*n7>ft*-h, 
4 -fc FP+i/- 1 -^!7^/l/^;*^;l/X;l/*— £A 
h y 7/PtP^ * >x/l/**- h , 

[003 5] 2-^/l/-4, 6-tTX (h'J^PP^ 
-1, 3, 5-FU7^X 2. 4, 6-MJX 
(>U^pp^f;l/) -1, 3. 5~FU7^X 2- 
7x-;l/-4, 6-ex(F'J^pp^f;l/)-i, 3. 
5-FU7^ 2- (4-^DP7x-;W -4. 6 
-ex (h^PD^f;l/) -l, 3. 5-h'JT^ 
2- (4-* h^->^x-;l/) -4, 6-eX(h 
iJ^pp^f;l/)-l, 3. 5~FU7^X 2- (4 

-^b^- 1 --i-7*)V) -4, 6 -ex oy^u 

P^f;W -1. 3. 5-FU7^ 2- (fOV 
[d] [1, 3] ^*V7>-5-" f/W -4 f 6- 

(h'j^pp^^w -i, 3. s-hyr^v. 
2- (4-^ h*s/x^y;w -4, 6-ex(hy^ 

aa^f;V)-i, 3. 5 - h UZ^X 2- (3, 

4, 5-hy ^ h*->x^y;w -4. 6-ex (hy 

^na^^V) -1,3, 5-F'J7^X 2- (3. 

4- y* h^>x^y;io -4, 6-ex (FU^PP 

**)V) -1,3, 5-FU7^'X 2- (2, 4-^ 
>< h^X^y/l/) -4, 6-a (F'J^PP^f 
/W -1. 3. 5-hUTS^>, 2- (2-*h4^>X 
-4. 6-ex(hy^Pa^^;b)-l, 3, 

5- FU7^X 2- (4-7h4^>X^y;l/) -4, 

6- ex(hy ^dd^;i/)- i, 3, 5-hyr^ 

>\ 2- (4-^>^;l/*4^X^y/W -4, 6-e 
X (F'J^PP^f;W -1, 3, 5-hU75»\ 
[0 0 3 6] 1 -^W-T;l/- 1 -7 p 

h) , 2 2 - k F.p+i/- 2 - 7x-;l/ 



(6) 
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xf-;l/ p-hrt/x;/x;l/#*— h (fflfoa -*=f-u— 
Myy-f>F->U-h) , 1. 2. 3-^>-tf>h'J 
-Ol/ HJX;**:/X>l/#*.— K 2. 

p- h;l/x:/x;l/**— K 
;l/ p-h/l/xvx;Vt^-h, 4-rhn^y-/;l/ 
p - Wlxi/x/l/**— K 

[0 0 3 7] i^7xx;l/ 5>Xrt.<fc>, p- h *)Jl 
S?X;l/#>\ ex (7i-;l/X;l/*r;|/) *J7V*9 
> % ex (4-^nn7ir;UX;l/*-;W *J7V*$ 

ex (p-h>;;bx;i/*-;W vrvtzz/, ex 10 

(4-tert-^;1/7xx;l/X;l/*x;l/) i/TV*2 
ex (2. 4-+>"J;l/X7l/*x;l/) 5?77^* 
ex (->^a--s+^X;l/^x;l/) i?7^^^ 
(-OV^/IO (7xx;l/X;l/^x;l/) ^7'//^^ 
CO 0 3 8] N- C7xXJl/X/I/*X/loj-*S/) x*^ 
W5h\ N- (h'J7/Wn^f/l/X;l/*-;W* 

W^5h\ N— (h'J7Wa^f;l/X;l/* 
—}\s**i/) 7*W5F, N- (hU:7;l/*a*?-.;l/ 
x;l/^-;i/^-^-» -5-y;l/#;l^>-2, 3-$>* 
/bsp+WSK, N- (hU7;l/*np(^l/X;V*-;l/ 20 
-*-:7*;W3K, N- (l0-*>77-x;V 

C0039] *ft, -mc<t¥mmm<z>Xi?mi'i?x h 

[00 4 0] 
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[0 0 4 1]S^ R 1 ', R 12 . R 13 , R'^&t/R'Mi 

•e. R" ~R 15 T*$nST/i/^;i/Stf7 , ;i/3+i'(±, 
SfSi~6ltT^ci:^-!?t, ->^D7;l/W 

fa^AO^Ota^tC^S^T 9-208864 #T*I8^L 

ft. kv^-Fe-oj^^ts^^rr^t^^-KTs 

[0 0 4 2] *%B^(7)lx^X hfflffcWi. *-<04><D:£@ 
^#«£»*fS£. 8J!liifi!c#£8 0~9 9 . 8MM%. B£ 

&£m*o . 1 - 2 o««%cD®Ht?#wrs©*w* 

LV\> *x^+-£LT©^iil&aix*r*8<k£?fr& 
^mZikZm&li., mt< U^X hfflfi!£!fe^<7>^@m«- 
a^Siplc, 1 oa«%^T©S5HT*fflV>5<DAW*L 

[0 0 4 3] C©l^Xhffij£»±iim. ±fficDSfiK» 

*^J»cjgfl?^nft«^T*U^x h$i:2*v 
•7x^-&i?<DSf*:±fc, Affile J; Oxe^n-x-r^ 
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•feT 1 — hRtf 7a tf uv^y 3— ji^ey * ^/ux— 
&x?-;K R^^;k PKTS^&tf fcf/Hf v&x^ 

fx 2-'N^y^st;^^D'N+*)-y v©«fc3^ 

h>S, y - □ 7 ^ h V© J; 3 SlKi^Tm 

H*^fp>nSo cncroissija, fnfn*a?> x « 

[0 0 4 4] S«U:tC&tfJ2n, 3£tg£ft*:l^X MM 

tea, ^^^ofefeog^a^ss^n, ^v>t- 
att«e«sfS^ii-r5/-c«)<oinjiMis (peb) 

^Vtx'JAtHn+J/K* (2-KKo*->xf 
;!/) h'J^f^vtx^AkFn+^K Glffcny 

[0 0 4 5] 

mmwm#*m (m w ) r^tt^s (Mw/un) a. #y 

[0 0 4 6] : kKn*->Xfl/>/^^^ 

'J 3 - 1: Kn*->- 1 -T^vv^l^fi^ttcogB so 
# l -x h^r->x^-;Wb%(coSjS 
(1) tert-yh^^i'X^P^/^^^y/l/^S-t; K 

5 0 0mlC0Egop>'7X3li:4-tert-y h^i^X^P 

>l20g (0.6 8t;W , ^**'J;H3-kHa 
1 -Tjtvyf'tl/ 1 6 . 7 4 g (0.0 8*;W > 
W2-^n;V-/l/2 7 3.4 9 g^An, giitf?B 
«Tt7 5t* T*0^ L rc„ JMfe V*+t\*Z. 2 ' - 
T^/fcTX (2-^f;l/^nm- h) io.45g4 

U cn#f3fe<07 5ric«#£ftfc*yv-?gj£{;:3 

o #*h*t®t l/c 0 * 2 3 mmmn *mmz 

^*/-yi'2.6 8 8.2gi:-ftymi<i,3 4 
x^vi^^y/i/Ks-n Ka+->- i -T$-?y 

f-A/Vpm&Qf. 1 3 4 . 6 g £f#fc 0 
[0 0 4 7] (2) tKD*->XfL->/^i'f';;l'i3 so 



1 'J y h;l/<DE30D75X3»C, ±IB(1) T?i/'c4-te 
rt-^h+^Xf-UVii^^^y/l/KS-t: KD*->- 

1 -T?-?>*)V<Opm^W 1 2 0gSt/2-ya>'V 
-Jl/3 6 0g*MTiSPU 7 5t:»i:^MLfc„ C«D 
jSiSlC, 36%ie20.7 7 gi2-7 p D/V-;l'2 

o.7 7 gomsmwL*ffiT\*rc 0 ?its!fiias-P3 
ISRAEL Tirana? ^iSfc^aiUfe. cos. 
jSTX^rT'-bh^l 2 0 g tl'^^SSbkl ,200g 

{*£3 0 0gCD7-feh>lcj$/!?U CCDj§?0t*3.6O 

0 gcD^*:x£^lCjta*TffitiJLfcH{*£ffil8U 7 

*5tt 5 tert- 7 h * isMtf tokftM-ZimMiK K-otzfe 
CD, 4-tKo*i'Xfl/yt^?i";^3-tKn 
1 -7^v;y^;l/CD#S^tt8 6 . 7 g*«fc. 

co«s^«:<Daa¥^?a»9 , 8 0 0, 

« 2. 1 9-Z?36ofCo 13 C-NMRCO^S^P., 

4 - Kn+^f- UVtoaB-mffi £ * »J 3 - 

9 0.1 : 9 ,97$oft. 

[0 0 4 8] (3) t Kn+~>X^U>/^^^y;l/K3 
-t: Ka*'>- 1 -Z^T^;P«a^f*cogi5^ l -x 
l-4^>x?-;Wfc 

l'Jyh;KDtXS77X3iC, ±12(2) -p»fc4-fc: 
Kn*->xfl/yi:^^^'J^S3-kFn^- l - 
T^V^^KD^a^ftS 5 g (4-tFnmfl/ 
i/igftO. 2 4^7l/£;**^y;l<&3-fc Ka+iy- 1 
-7^yf;l/#tt0 . 0 3t;W(>5S%) Rtf^ntf 
U>^y 3— *?vl/X— TVl/T-fe^— h 7 2 0 g 
*AnT}g/SLfc„ Cco}g^, iS«6 0 , C, ffi^Jl 0 
TorrWTcO^ftT?, ^S^cO}g^«A^ 2 4 9 . 0 3 g £ 
KZZTWiBEm&VT. XBIBifcLrco ^tc, SBKIHt 
?n/c5 0 0mlCDEgoP77Xnf<:C£0fg^g;U p 
- h;l/X>X;l/*>-^— 7kftl#|4mg (0.025'J* 
^AD^fc^, x^-;l/lf-;l/x— x^S. 1 8g (0. 

1 ^SSTU ^e.Jc2 5 < c-e3^rasjs$-^ 
fco ccosjSjS^c-r^-v^^keomi^in^T^ 

£&7l<6 0n.l^*P^.TcoaffSt;7J^5|HlMlt)igLfc 
Wti^^riglEE^iSL, yakfUy^y3-;l/^y>i 
^;l/x-x;l/7-fex-hT-«^«-a-rBtt7kUfCc #6 
nfdSflg^OH^liStt 2 9.7 
CtDlSflg^ 'H-NMRT-7>*fbfci:C?., 1 -xh+ 

->xh^~>sicffls-r5tf— ttfmmcwmzti. 
■&ym<Dmctt?& i -x h^s^x h*~>»£ois<DSij^ 

«4 0.8%T'feo/io L^oTCCD^Sgti, 4-t 
KP*i'Xfl/yt^if^y;l/83-liKD*->- 1 - 
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»J/l/&3-fc: Ka*S/- 1 -T^v>^;l/«a^<OgiJ 
<OgP# 1 -x F^x^Wfc^S&i 

-etjum i <t)(3) ©itf^*m)ii-r^ 4 fd+s/x 

^L>£***y;l/&3-l: Kn^>~ l -T9**l/*f- 

#1 7 8.6 3 g fc£SJ:3fc:U xf;^z;Vx- 
■r;l/CDttiA^fi^: 4 . 2 7 g (0.06 £ L/c 0 » 

t>nrzmm®m±mm#mgt2 1 . 5%t&d, ztc, 

[0 0 5 0] -&/£0!]3 : #U t: Kn^S/X^L^gp 
# 1 -x h*5/=. s f-Mtifa<D9Sm 

i y y bAscoi-xmy^x^ic, b*wm oho m<o 

(p-bHn^>Xfl/» Ggp^£ "VP-1500 20 
0" ) 40g (p-tFn*^byftii:LT3 3 
3 ^ U Rtf p - h;l/x>x;l/*>»— Tkftfti 4 7 
mg (0.2 5 5»J*;W *A*U ^Plfl/yyUa-;!/ 
-typc^;l/x— ^l/y-feT-— h 7 2 o glcjgflSLfco c 
(Ommtt, iSK6 0t. BE* l OToitWTO^TWEE 

liu «»Bfekbfco x«ftoimEa. 3 3 7 g-e* 

o/Co S^Bgi^nft: 5 o omKDraon^x^icco 
fgffi^r^b. -ec^x^-;l/trx;l/x— t^;1/ 1 2 . 0 g 
(16 6^U€;W *WTL;feSK 2 51Cr5B*HIRj6 

^x^f;l/7tf-F6 2 . 3 gM^;WV7f 
;l/^h>'3 2 0g*iPX.. f£ZlC^*>&gMt2 4 0ml 

6nfeW*tt, *U (p-kKn^xfUV) <07j<Se 
1 ~x h^->x^;i/x-7 = ';Wt^tirc«JlM 

3> Tk^Sco 4 0 %# 1 -xh^>>xf;l/x-f;Wk? 

mno. m m m tt 

(mj/cm 2 ) 
Eth Eo 

HSfiMl A 15 41 
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COO 5 1] IQKtfOjaiCfJtlSIN 

SltfSfifl 1 Ttt»BA*fflV\ 3*ft0O2 TttttlBA £gffi§ 

JB/ST»fS£aj, *x>*+Hfttf»*Ji:B^LT»« 

iB L T IsVTs V m*m$k L fee 
[0 0 5 2] 

sjbm (B9^) io gp 

t*X(^U^XjMc«^r/»> 0.4 gp 
[#£Dft^(#)S!cD "DAM-301" ) 
*i#t- : ^"^da^^7=> 0.015 gp 

mn\ : rufW93-W/»*i-f*7tr-h 50 gp 

[0 0 5 3] *vMM*7l/3>S/9'tf>' (HMDS) TAMIL 

TV— b±\£T7V<— *#froT\ f^0.72finiO 
^Xhl^M^t/io C5LT^XM^b 
fcr>x/N— IC, KrFx+>/7Xf7^- [(^) — n> 
«<D M NSR 2205EX12B" , NA-0.55) g^OJgtf 

-h±*CT, 10 0t, 6 0^ftTPEB«Tl\ 
2£>lc x 2.3 8%-r h^*^;l/T>^x»>Afc: Fn* 

j££I2m?KIK&Tgi?gL, WTO* 5 KiLT. ®g x 

[0 0 5 4] Kk^fltt: lmmM(D*-7>y*-;l> 
K#W»t*«Olc»*«^3«T««Lfc. cn 
^Ethfc-TSo 

[0 0 5 5] HSMRft : 0.2 5 |ia©7'f>7> FX 
^»X/W->tfl : 1 £&£fiftST§!*Lfco cn 
£Eo £T2>o 

[0 0 5 6] Ryt&mm : Eo/Eth 0«T^Lft 0 

[0057] mmst : nmmmvsxm-eftmtz^ 

-<>T>KX^-X/^->OS/J^ffiT^Lfco 
[0 0 5 8] 
[«1] 

(/im) 

Eo/Eth 

2.7 0.16 
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1tlfl2 0 0 0-2 2 7 6 58 

16 



" 2 A/B=l/l(fi§ifc) 14 29 2.1 0.20 

tt&m C 15 29 1.9 0.22 



[00 5 9] 



50 



